The use of assisted reproductive techniques in cervids is increasing as the commercial use of these species increase. We have tested the suitability of the antioxidants Trolox and reduced glutathione (GSH) for freezing red deer epididymal spermatozoa, aiming at improving postthawing quality. Samples from 19 stags were frozen in a TES-Tris-fructose extender (20% egg yolk, 8% glycerol), with 1 or 5 mM of antioxidant. Motility (CASA), lipoperoxidation (malondialdehyde -MDA-production), membrane status, mitochondrial activity, acrosomal status (flow cytometry) and chromatin status (SCSA: %DFI and %HDS; flow cytometry) were assessed after thawing and after 6 h at 39
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42
which have resulted in extenders adapted to these samples 43 (Fernández-Santos et al., 2006; Fernandez-Santos et al., 44 2007; Martínez-Pastor et al., 2006; Martínez et al., 2008) .
45
As a further step to improve the cryopreservation of red 46 deer epididymal spermatozoa, we have attempted sup-plementing the extenders with antioxidants, following 48 promising results in other species (Peña et al., 2004; Roca 49 et al., 2005) . The mammal spermatozoon might be espe- press-b).
73
In the present study, we have tried to shed some light to capture free radicals (Mickle and Weisel, 1993) , and it 78 is used as standard to check the antioxidant capacity of 79 others molecules (Gavella and Lipovac, 2000) . The supple-80 mentation of extender with Trolox improved the quality 81 of boar spermatozoa during cooling (Peña et al., 2003) and 82 cryopreservation (Peña et al., 2004) , and the quality of stal-83 lion semen during refrigerated storage (Ball et al., 2001) . and 6.4 mM), it was unable to improve sperm quality after 93 thawing (Fernández-Santos et al., 2007 
the stock up to 6 g/mL). These solutions were kept at 5 
252
The sperm populations showed in this paper were: 
Results

341
The results were clearly affected by the sampling end- for both GSH-treated samples after the incubation (VAP: 361 increase of 9.8 ± 2.2 for 1 mM and 17.5 ± 2.2 for 5 mM, 362 P < 0.001; VSL: increase of 3.5 ± 0.8 for 5 mM, P < 0.001).
363
WOB was also significantly increased by GSH (sub Fig. 1e ).
364
WOB is the ratio between VAP (velocity according to 365 the smoothed path) and VCL (curvilinear velocity), and 366 its increase indicates a less sinuous trajectory. ALH also 367 increased with GSH (sub Fig. 1f) , indicating a more "ener- Similarly to motility, the status of sperm organelles • C. Dots show the actual values for each treatment (CTL: Control; G1: GSH 1 mM; G5: GSH 5 mM; T1: Trolox 1 mM; T5: Trolox 5 mM). The superimposed boxes span from the 1st to the 3rd quartile, with the inner line showing the median, and whiskers span up to the extreme observations within 1.5 times the interquartile range. Letters on the top show significant differences between the control samples of both endpoints (different letters indicate P < 0.05), whereas asterisks indicate a significant effect of the antioxidant treatments respect to the control value within each endpoint (*P < 0.05; **P < 0.01; ***P < 0.001).
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413
The analysis of DNA status by SCSA showed that only a 
Discussion
428
This study has produced two important results, the first process (unpublished data), which is likely to reduce its 453 resistance to the oxidative stress (Nichi et al., 2007) .
454
In order to improve the quality of deer epididymal 
469
The present study shows that Trolox, at least at the low 470 millimolar range, might not be appropriate for freezing 471 epididymal deer spermatozoa, which agrees with a pre-472 vious study (Fernández-Santos et al., 2007) , using higher in sperm membranes that depended on the semen frac-478 tion frozen (Peña et al., 2004) . These same authors found a 479 dose-dependent protective effect of Trolox on sperm motil-480 ity and mitochondrial activity (Peña et al., 2003) (Aitken, 1995; O'Flaherty et al., 2006) .
489
However, the ROS scavenging activity alone do not in press-b), but this did not occur when using Trolox
495
(Domínguez- Rebolledo et al., 2010a and apoptosis (Peña et al., 2009 during the post-thawing incubation.
576
DNA damage was very low after thawing, simi- 2011). Trolox had no effect after the incubation, but it might 586 be due to the already low levels of chromatin alterations.
587
We have reported in other studies a protective effect of
588
Trolox on sperm DNA, but this effect was only noticeable 589 in samples treated with oxidants and other stressing situ-590 ations (Domínguez- Rebolledo et al., 2009 Rebolledo et al., , 2010a .
591
Regarding GSH, we observed an increase in %DFI and 592 %HDS, especially when using it at 5 mM. (Golan et al., 1996) . We believe that this is the case in 601 our study, and that the reducing power provided by GSH 
Conclusions
608
This study presents GSH as a possible supplement for 609 the cryopreservation of red deer epididymal spermatozoa. 
